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Low stress Abrasive Wear Mechanism of the Iron/Chromium
Hardfacing Alloy
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Abstract

This study investigated the relationships between the microstructure and the wear resistance
of hardfaced iron/chromium alloys to examine the low stress abrasive wear mechanisms. The

effects of volume fraction of reinforcing phases(chromium carbide and eutectic phase) were
studied. The alloys were deposited once or twice on a mild steel plate using a self-shielding flux
cored arc welding process. The low stress abrasion resistance of the alloys against dry sands
was measured by the Dry Sand/Rubber Wheel Abrasion Tester (RWAT). The wear resistance of
hypoeutectic alloys, below 0. 36 volume fraction of chromium-carbide phase (VFC), behaved as
Equal Pressure Mode (EPM) for the inverse rule of mixture whereas the wear resistance of
hypereutectic alloys, above 0. 36 VFC, represented Equal Wear Mode (EWM) for the linear rule

of mixture.
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(crushing roller, chute liner, guide plate) A & &=
Bo) Al 2",

onjdo] £ F/AZYFY vlEAFL &
g4 Az E TS ASEEE T o
£ AZURES 23 A1 Y& /AN FF
o SJEFTE 53] vlE Al UulRA & M AF
£ Aoz Ags 50pm 27)9) 20 L
AEEEF 10m o3te] FHAEENEL
Az YrlBA S ez AAHAE nAzF
1ztelc}.

Iz 2EREE 2L FANE nAzE F
o] & A(phase) 22 JIAm YE A
(multiphase materials) 2] FIvIE AF S 4=
3t7) 9% o]2R A o 2= ryles of mixture 4] 9]
o o] &8 3 It E38] Axen & Jacobson™
2 B339 ool gl wE o)) vir g
4&EW mode (equal wear rates of the phases) ¢}
EP mode (equal pressures on the phases) & T£X]

O WA, olF F vlE A4S Archard s H*Pog

2E fx® o2 OF (3) A (linear rules of
mixture equation, inverse rules of mixture
equation) 0.8 7]<3l9 ),

EW mode (Linear Rule of Mixtures) :
2 =Ap/A- 2p+Am/A - €m )

Lp=L {Ap@p/ (Am&m + ApLp) | %)

EP mode "(Inverse Rule of Mixtures) :
£=Ap/ALp + Am/ALm)" 3
Where £ :wear resistance as the inverse of
the wear rate,
Lp and Lm are the loads, £p and Om
are the wear
resistance and Ap and Am are the
nominal
contact area of the reinforcing
phase and the
matrix, respectively.
A nominal contact area (A = Am + Ap),
L: Load (L =Lm+Lp)
index p: reinforce phase,
index m: matrix.
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Fig. 1 Schematic representation of the dependence
of .volume fraction of reinforcing phase on
the abrasion wear resistance of two-phase
structures. Type A: Lineal Rule of Mixtures (
£=Ap/A - 2p+Am/A - £m), TypeB:
Inverse Rule of Mixtures(&£ = (Ap/A&p +
Am/A@m)-1 , Where :wear resistance as
the inverse of the wear rate, A: nominal
contact area, index p: reinforce phase,

index m: matrix',
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ou#Ho) 3L SS-FCAW (self-shielding flux
cored arc welding) 38 2.2 57 9mm¢l SS419 7%
22} 9o 23 ¢}olo]E oscillatingF o 2H Hl=

Table 1. Chemical compositions of the iron/chromium hardfacing weld deposits used in this study. (wt. %)

Alloy Chemical Composition % Carbide
C Cr Si Mn Fe
No. 1 2.4 15. 05 1.13 1.35 Bal. 22.9
No. 2 2.40 17. 60 0.62 1.08 Bal. 24.0
No. 3 2.95 17.02 1.10 1.30 Bal. 30.5
No. 4 3.41 7.67 0.57 1.65 Bal. 311
No. 5 3.03 16.97 0.62 1.84 Bal. 315
No. 6 3.51 8.07 0.60 1.90 Bal. 32.5
No. 7 3.42 10. 22 0.48 1.59 Bal. 32.6
No. 8 2.82 26. 30 0.83 2.27 Bal. 34.0
No. 9 3.31 18.33 0.69 1.95 Bal. 35.7
No. 10 2.95 28.17 0.85 2.35 Bal. 36.7
No. 11 3.44 21.04 0.64 1.91 Bal. 33.8
No. 12 3.17 28.02 0.83 1.97 Bal. 39.3
No. 13 3.51 21.85 0.70 2.05 Bal. 40.1
No. 14 3.39 30. 16 0.76 2.00 Bal. 43.2
No. 15 4.35 13.13 0.70 1.86 Bal. 45.7
No. 16 3.59 30. 41 0.36 0.27 Bal. 45.8
No. 17 4.15 19. 32 0.29 0.25 Bal. 46.6
No. 18 4.12 34.52 0.37 0.27 Bal. 54.6
No.19 4.86 29.6 1.09 1.70 Bal. 61.0
No. 20 5.23 24.5 0.33 0.2 Bal. 62.8
No. 21 5.10 29.20 0.36 0.22 Bal. 63.7
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eutectic g
Cr carbide

Photo 1. SEM micrographs of the chromium-
carbide-type high Cr white iron
hardfacing weld deposits; (a) the No. 1-
(hypo-eutectic), (b) the No. 14 alloys
(hyper-eutectic) .
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)2 F717} 50pm WL =g Adxpa ek
3 3AzALRE FAFHY gon, g7 A
ZAL 89382 ((Cr,Fe),C 7 LAEUYolER
T =] k.

3.20124=

3.2.1ulRzAL 4%

Fig. 2& Table 19 ¥3FE FolH a2e3E
ko) 36.7%, 43.2%, 54.6% 2 Z}7] THE No. 10,
No. 14, No. I8#=ELE 7Id3lsol 10, 15 20
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Fig. 2 Wear loss as a function of the load in the
chromium-carbide-type high Cr white iron
hardfacing weld deposits. (wheel rpm:250,
sliding distance:6km)

RBEEE SN F16% H29, 1998%F 47

77
05 1.0 1.5 20 25 30
014 0.14
[}
012} 0.42
B owof 010
°
§ 008
é’ .08 | ] 0.08
0.06 | 0.08
0.04 + [ 0.04
05 1.0 15 20 25 30

Sliding distance(Km)

Fig. 3 Wear loss as afFunction of the sliding
distance in the chromium-carbide-type high
Cr white iron hardfacing weld deposits.
(wheel rpm:250, load:20kg)
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g. 4 Relationship between wear resistance and
volume fraction of Cr carbide phase for
chromium-carbide-type high Cr white iron
hardfacing weld deposits.
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Photo 2. Scanning electron micrographs showing low
stress abrasion worn surface(a) and 90°
taped subsurface cross-section(b) after
RWAT for the specimens of the No. 1 alloy
containing 22.9% carbides, (wheel rpm:
350, load:20kg, sliding distance:6km).
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Photo 3. Scanning electron micrographs showing
low stress abrasion worn surface(a) and
90" taped subsurface cross-section (b)
after RWAT for the specimens of the No.
3 alloy containing 30.5% carbides,
(wheel rpm:350, load:20kg, sliding
distance:6km) .
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Photo 4. Scanning electron micrographs showing
. low stress abrasion worn surface (a) and
90" taped subsurface cross-section (b)
after RWAT for the specimens of the No.
14 alloy containing 43.2% carbides.
(wheel rpm:350, load:20kg, sliding
distance:6km).
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Fig. 5 Relationship between wear resistance and
volume fraction of reinforcing phase for
chromium-carbide-type high Cr white iron
hardfacing weld deposits. (a) hypo-eutectic
alloys (b) hyper-eutectic alloys.
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